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Efficacy of Citrus aurantium L. essential oil for inhibition of Aspergillus sp. in fresh bread products
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Abstract: Citrus aurantium L. Orange peel essential oil (CaEO) is terpene and phenylpropene organic
compound, which has antimicrobial activity and is safe when used as a food preservative. Therefore,
CaEO was used to evaluate for its efficacy in inhibiting Aspergillus sp., cause of spoilage in fresh
bread products by poisoned food technique and the antioxidant activity of CaEO was determined by
spectrophotometric method using 2,2-Diphenyl-1-picrylhydrazyl radical scavenging capacity assay
(DPPH assay). The results showed that CaEO at concentrations of 2.50, 5.00 and 10.00 pl/ml was able
to inhibit the growth of Aspergillus sp. colony with a colony diameter of 2.68 + 0.1, 2.40 + 0.24 and 1.63
+0.09 cm, respectively, compared to the sterile distilled water used as a control (2.98 + 0.05 cm).It was
found that CaEQ at a concentration of 10.00 pl/ml had an inhibitory effect comparable to that of 0.2%
calcium propionate used as a reference compound with a colony diameter of 1.50 + 0.23 cm, which
was significantly different to the control (p<0.05). CaEO at concentrations of 5.00 and 10.00 ul/ml were
used as an ingredient in fresh bread products with calcium propionate as reference compound and
the sterile distilled water as control. Fresh bread kept for 1-4 days showed no changes and fewer black
spots on the bread surface were found on the 5" day as compared to the control with more black spots,
while fresh bread with the reference compound showed no microorganisms on it. When fresh bread was
cultured in PDA agar and incubated at 27°C, CaEO at concentrations of 5.00 ul/ml was found to have
fungal growth of 8.20 colonies per 1 g of sample (CFU/g) on the 4" day, while CaEQ at a concentration of
10.00 pl/ml and calcium propionate solution showed no fungal growth. The antioxidant activity of CaEO
was assessed by DPPH scavenging assay. It was found that CaEQO exhibited very low antioxidant activity
with EC50 > 1,000 pg/ml, compared to a standard solution Ol-tocopherol (Vitamin E), with possesses
very high radical scavenging with an EC50 value of 43.47 pg/ml. Therefore, the CaEO at a concentration
of 10.00 pl/ml exhibited highest inhibitory effect on Aspergillus sp Its effect was comparable to that of

calcium propionate and the CaEO possesses very low in antioxidant activity.
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undnga: tniuvenstmeainlaandy Cirus aurantium L. (CaEO) uanssznauduyizgdannan
wasAugd uaritialnsiiu %Qﬁqmﬁumiﬁ’u&muﬁmLﬁuimmfiauﬁﬂ’ wazfinnulaeasiierian
Miudngiudaluaimig asin CaeO unadeLlszAvEAmlunnsdida Aspergillus sp. #1WpN13
windslunandnefuuilsan faedad poisoned food technique LL@“‘V]mmqu‘ﬁfﬁmﬂum%?”ﬁqﬁ%aLﬂﬂ
ImIW‘EmLmmn‘imwmmummmmin”Lumim@mum'amv2 2-Diphenyl-1-picrylhydrazyl (DPPH assay)
NANNTNARBLINLAY CaEO TiAnadiudiy 2.50, 5.00 uaz 10.00 pliml esnsadudinisaseyaealalatin
Aspergillus sp. IAlasilidusinugugnaslalal 2.68 + 0.1, 2.40  0.24 UaY 1.63 + 0.09 cm ATNAAL
Lﬁfmﬂ?ﬁuLﬁﬁ‘uﬁummmwﬁﬁﬁlﬂﬁﬂummumqu (2.98 + 0.05 cm) wazwudn CaEO fipnaidudn 10.00
uiml SavadudalalndiFesiuasazaaunadauinawilamn 0.2% Aldiduasunnsgu Tnaflaue
Wurnugutnanslalail windu 1.50 £ 0.23 cm feipruuanaetheiiiaddymeadntuasazanet
ﬁLﬂummuQu (p<0.05) et CaEO Awddy 5.00 waz 10.00 pl/ml idudaudsenauTunamnsioet
wuntlean Insuaadninsilawsiiugadneda LmzmmxmmﬁﬂLﬂudquﬂ@:ﬂ@uLﬂuﬂ;mmuau WudN
nmTeanfifuinm 1-4 5u hiflnnuAsuuladla uazluiuil 5 wugadsndnquuianuuteiunsles
Lﬁ@Lﬁﬁuﬁmmmu@u%\iﬁfﬁﬂmuamﬁwmnﬂdﬁ 1u°nmx‘ﬁ'ﬂ;mﬁw%aiu’wufiaum?ﬂ’uuawﬁwuuﬂmm et
nileaniaadluamsidesda PDA Lnimng fignunndi 27°C 1uufl 4 wudh CaEo Aanmidudu 5.00 pi/ml
fls1Anau 8.20 TnlatAeseting 1 (CFU/g) 0L CaEO Amddis 10.00 pl/ml Lazansazane
upaTuntnailawe ifafnau HAZNNINARALNNITNAREYYATAIZ DPPH Wud1 CaEO meqm?ﬁrﬁm
@uu@fammm TnaifiAn EC > 1,000 pg/ml meﬂmummvmammam OL -tocopherol (Vitamin E)
ﬁmqwﬂum?m@m@um@mmﬂmum EC, , Wil 43.47 pg/m flariis CaEO Tipmnaidindiy 10.00 i/
quﬂumﬂmfmw Aspergillus sp. Tigeqn Sl AP sazarturaEuirailen uaz Cago

v

uquﬂumimu@um@amvimm

)}
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Fdndty: difuvenszive fMEs uiden OVEAURYYABATY

AN

guniTaflunislundasusiauienuvie
wines Wundnsustanvnsfauta (Intermediate
moisture food) aasinaziAAnTTinAe|d29015
zﬁ'faulmﬂ@”ﬁmmmmmn@ﬁum’?‘ﬂuﬂ@imﬁﬁ@ﬂu
ana As,oerg///us sp Imﬂ'ﬂ”WWIMNQMﬂm%Lﬂmﬂﬁi
WA la vianau Auazsaand mumumamw
miwwm@lumm@umwmguaim vsfumen
szmagnian difetinengnisiusneniiiasannd
radnaAeatios sangnuaziiuassssnTng A
ﬂ”\rﬁfaﬁﬂ@qu,r;i\iﬁn?immmmmﬂﬁm§uﬂizmu
Nty (ANN11,2549 )

flnaeudalsrdnsaimnlunisdus
N33 BIIqAUTRIasaAnsainanIABnNuAY
\WAnBeINTAsEnA&N Fisher and Phillips (2006)

wodluhsmensy ez dudanmany
LATHZNGA Hanstsznevaed Linalool way Citral
agnsfananaiinadudenisiaiyresuuaiice
Campylobacter jejuni, Escherichia coli O157:H7,
Listeria monocytogenes, Bacillus cereus WAL
Staphylococcus aureus uﬂﬂmnﬁYi etal. (2008)
Tasnasnuinluignsenadu 1 duidaonau
(Citrus reticulata Blanco) &ula (Citrus grandis
(L.) osbects ( Linn.) dzngm (Citrus hystrix DC.)
&ulanu (Citrus reticulata cv. Shogun) WaNE1II
(Citrus aurantifolia Swingle) ﬁmﬁﬁ’]ﬁnﬁﬂd’]
Hesperidin danuluildanvesisnsznady
gNunsndufannsiaT e LUATGY E. coli,
Salmonella Typhi, Enterococcus faecalis,
S. epidermidis Was S. aureus War@nsUsLnau
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mwﬁmmmfﬁﬁw@mzmmmﬁ%mzq@ﬁmﬁ
dszAnBnnlunnssugan14a (33171 AT AR,
2536) nazinifumeNsse A RN RANTINAN
29ANNIRNMTHAZEN (FDA) Inaunaldifmnagly
luaunslaaenailaansia Generally recognized
as safe; (GR»AS) (Simas et al. 2017)

o o =2 a o dﬂldv s
m\mulummﬂmqwummq'ﬂimm

ieAnm s ANEAlLnnsdug Aspergillus
sp. Tuiluvitluanmnddnaesnissidoges
wandnrunTianlng dindunenszmaann
Nnsznadu( CaEO )laavinnsAnsA g
Sufimnzanildlunseudas Aspergillus sp.
lundnFusfunilianuazinisdnm s s
213ABATEURY CaEO Lﬁ@ﬁﬂﬂ@:miﬁwmﬁwm
dszgnsildlugnamnssuaimasialy

atnsaluazdsnig

1, muummvmﬂﬂ%’lumimmmu

umw@mzmmmwmmzqmﬁu Citrus
aurantium L. (Family of Rutaceae) mﬁuﬁﬂ’m
AszuaunIsanALuL UL (cold-pressed) an
\wWasnsuuenaesnadugn (orange peel oil) 1w
veavanladimnasaninaesseu indududnn
%q”l.ré’fi“mfmufaw,mq:ﬁmr] 131 gRAIUNIIN
wivaavenlng Au A ngam

2. 1l lunmage

11 Aspergillus sp. Al lunsmagey

Afall ldfuanneyAsziangudqaunsel

(TISTR) @n11fuanendansuazmnalulatiuia
szmalne
3.ﬂ’mnmm@uﬂizaw%mwﬁm}qmm?a&l
wuTnaass Aspergillus sp. JestnsueNszIme
anulaandu Citrus aurantium L.(CaEO) luniaan
NAABY (in vitro) AaeiAD poisoned food technique
LM?EN@’]W?L%&NL‘%@ Potato Dextrose
Agar (PDA) fiflansazane CaEO lfiaanu
Windwwiniy 0.32, 0.63, 1.25, 2.50, 5.00 WAy
10.00 pl/ml AMNAIAL nldasluanumnnzide

v
o

sanaldluauisudaiiavnldnagaausall

Tnaanumnzideifansazaneni duganaua
IT9AL (negative control) WATANTATANLAALTEN
TWEWI@Lum%'\'iLﬂumammaﬁﬂmﬂummuqu
1919N (positive control) mﬂ&uﬁﬁmwmmu
ﬂiwawﬁmwlumiﬁuﬂ%m Aspergillus sp.U8
CaEO ‘lumuLW’] L‘ﬁ'ﬂ Imﬁ‘miﬂ As,oerg///us sp.
NIRRT PDAmmmwm
wluian 5-7 Ju i1 Cork borer quaslugnsazane
lWBaueanenadAINL Ity 95% aulWiazsinii
Eidu danianz Fameuveadulas dneu
Fuansluanumng D TaNFIUHENTRIENAZANY
CaEO 1um’mmmumﬂ mnuuuﬂﬂuﬂu
incubator NAUUYH 27°C NN1IMAAES 3 4 1l
a1 7 AU AnAunaniiaIyaee Tuninaalae
nsdpaunadueuguenaslalatiaess wdatn
HANNINARBINIALATIZHTRYAN1ATIA

4. nsnageusrdnBawlunseidam
Aspergillus sp.184 CaEO LuNAnATiauntvan

i CaEO fiflqviamatiusem Aspergillus
sp. WA 2 s¥AuANITNDGY N1NnNTNAgey
UseAnBnwluntsdugam Aspergillus sp. U
wandnuTunTan Inesasaunianiis Caco
Wudoutlsynevvessunilvaniiuganages uazi
waadenTnsilawniugadeds uazaisazans
ﬁﬁLﬂumuﬂ?zﬂ@mﬂummuqmu Taafinng
NARAL 258 NA9AL 15U AunAdnsnizleng
Aavenuaznisilasuutlasresuntlaanly
semdnanaiusnilunan 53U Lay naegay
Bridavile Ae AnmAuragRiRndy Taerinnimiy
saulalatisluaais 5l5nada spread plate
UL WNSIAENITe PDA ﬂuf‘?ﬁ”@ﬁqmmﬁ 27°C \ilu
szez19an 4 Ju uRatiuauaulaladis

5. m';mmmauqméﬁ’huwgm%mmm
CaEO

mawmaqu?ﬁrrﬁfm@m@%mn (free
radical scavenging) 284 CaEOQ #a¢d3 2,2-
diphenyl-I-1-picrylhydrazil assay (DPPH assay)
Taald DPPH (2,2-diphenyl-I-1-picrylhydrazil)
?ﬁ'\iLﬂum‘izﬁ’qmm:ﬁ%aﬂugﬂwga%mxﬁmﬁq
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(Figure 1) avantlummiuealdansazansisl
GRGR f‘f@@iﬂﬂﬁi@@ﬂﬁuumﬁmmmfm?iu 517
U lUAT Aog microplate reader Lfi'a DPPH-
ﬁﬂﬂﬁﬁ?mr’fumiﬁmﬂléw%mzﬁmmﬂu
wnuea avaexlalasiauaineyyadasy (AH)
aggnanel DPPH. Aafluanslval@ifionaiilu

0,0

O.N NO,

NO,

Figure 1 Diphenylpicrylhydrazyl (free radical)

DPPH +AH —

DPPH" + R’

—

BUNABATE DPPH-H (Figure 2) Taefiansdainees
DPPH-azansaaiflu@imaes 3¢ DPPH Yindfnsen
11 antioxidant (AH) #7871 radical species (R+)
1danslnaiilaiflona dueyyadasy DPPH-H 7
(Figure 3)

Q0

ON NO,

NGO,

Figure 2 Diphenylpicrylhydrazyl (non radical)

DPPH-H + A’
DPPH-R

Figure 3 The reduction of DPPH radical scavenging

miﬂﬁ?uﬁqu%rﬁﬂumﬂ%m%umm
a13nAaauAe CaEO lun sfuayyadass
DPPH SailSuuiflaunyiaiuansazaituinsgu
Ol-tocopherol (Vitamin E) Tnafiansazane DPPH
Wlu a19aza1amALAN (DPPH Control) 1409
azanel 20% Tween 20 Tunnuaaiiludanazans
yagnsazane CaEo, A179LANLNINTFIU Vitamin
E uaz DPPH azaneluansazany 20% Tween 20
Tuunuea uay CaEo fildluntmmageuiaanm
Wudu 12.5, 25, 50, 100 waz 200 pg/ml WAL
Inen1sing1sazane DPPH 1.0 mM luwniuea
WA A1TATATENINTFIN Vitamin E HAduidudu
31.25, 62.5, 125 WAz 250 pg/ml MNITLANANT
Fanuaaslu 96 - well plate (U3u1m5 200 pl sia
well) %@ﬁﬂﬂﬁﬁmﬂiﬁ?m%mmﬁﬁm unan
10 u1# wdeanTuTaA N sgANA LA

ANNENIARAL 517 WTINAT AeLATed Thermo
% Radical Scavenging Activity = [ (A

B
sample

control

DPPH Radical

, control

Scientific™ microplate readers A3MNATNIID
lunnadueendiadu via qndluniadiu
A1ABATTVRY CaEO AT ANTATAILNINTTIY
Vitamin E g1897utum 50% effective
concentration (EC_) %aﬁ@mmtﬁuimm
CaEO 178 A13azANIAIIIU Vitamin E Nl
138100289 DPPH amad 50% %38 21aNa17
df]ﬁﬂﬁﬁu&mmﬂ@%mz DPPH 50% i
EC,, TunnFauiauAINNaNN1T089dNTHU
BULABATTIENTNANTATANFIDE19289 CaEO
AU 41782a18NIATFIU Vitamin E N17UAN
EC,_, IFannnsaFrananseudnemnududuaes
CaEO 1i3861902A8NIATFIN Vitamin E UaT %
Radical Scavenging Activity (Wefidusnisaan
qméﬁﬁu@%@'@mw 289 CaEO 138 417avane
NMTFU Vitamin E Famuanldsannis

)/ A 1x100

sample control

= ANIgANAULALNIAlATeY CaEO naniu a1sazane DPPH Radical
= AINMIRANAULAINTR IHTR9a19AZAE 20% Tween 20 NANAL d19azaNe
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6. NIALATZYLTRYAN AT

ﬁﬁm@mﬁmnmmmmuﬂa:@w%mw
ﬁuéﬁqmm‘%a&uﬁuimmm Aspergillus sp. 184
CaEO ULEWNSIABAIETS PDA 14 3 91 19N
me war AL sUsuluuFagANITNAAY
mﬂuummmﬁﬂumﬁumﬁmmnmwmmm@ﬂ
Amzin1eada 1neld3s One-way ANOVA 7
seALiugNATYN19aDs p<0.05 Taald Duncan's
Multiple Range test (DMRT) saaldsunsu SPSS

Statistics

HANNTNARRILAEIANTOY

1. mfmmmuﬂifzaw%ﬂwwﬁuéﬁﬂﬁalﬁ?ﬁy
WAUIRUe9s1 Aspergillus sp.284 CaEO lunann
NANEN (in Vitro) ilatinansarin CaEO RexduAIy
\iindu 0.32,0.63, 1.25, 2.50,5.00 4810.00 pi/ml
ATNAIAL mmmuqmﬁmmumm Aspergillus
sp. LUaM9IaeNTa PDA Tinanimaanssaugna
u (Table 1)

Table 1 Antifungal activity of essential oil of CaEO against Aspergillus sp.

Incubation time (Days)

Experiment set

Average diameter of Aspergillus sp. colony (cm)

CaEO concentration

(ul/ml) 3 5 7

0.32 3.00 +0.17° 4.30+0.19° 6.32 + 0.20°
0.63 2.88 £ 0.02b° 4.32+0.11° 5.66 + 0.87*
1.25 2.73 £0.1b° 4.05 +0.53° 6.12+0.12%
2.50 2.68 £0.1” 3.75+0.11" 5.43 +0.09™
5.00 2.40 +0.24° 3.15+0.11% 4.82+0.10
10.00 1.63 £ 0.09° 2.39 £0.03° 3.51+0.12°
Calcium propionate solution 1.50 + 0.23° 2.29 +0.28° 4.30 + 0.00%°
Water solution 2.98 +0.05° 4.49 +0.16° 6.85 +0.07¢

Note: *“Means with the different letters in the same column were significantly different (p<0.05).

ANHANNSANENUI RSz EIZ19aN 189018
Lnuf 3 @nsanaes CaEo Amnnudiudu 2.50,
5.00 WAz 10.00 ul/ml ATNATAL gunsnudasn
Aspergillus sp. 18 Iaeriaannawadurnuauenans
Tlatlaaes1s 2.68 £0.1,2.40 + 0.24 uaz 1.63 +
0.09 cm AN CaEO RAmdud 2.50 pl/ml
Wrannsduean Aspergillus sp. lduansngann
TAAILANITNAL (2.98 + 0.05 cm) atiwHitdATY
wananni Caco Amanaduda 10.00 pl/ml &
qm‘éﬁu&qm Aspergillus sp. 18 buansnaiuiy
aeazansupadantnanilawn 0.2% 7ldiluge

pouANELan Taadnidudnuaudnaisaass s

WinAU 1.50 £ 0.23 cm T4RAAARBANLINENILIDY
Knobloch et al. (1988) N31871U41UNTUNaN

semgaIniansznaduiosdlsznauresansiai
WAL nquARAnaNTRdUg R AuRTasnae
ST aR89qAUTE UATNISANEITBY Sharma
and Tripathi (2008) wudwiwﬁummuumm
epicarp 184 C. sinensis (L.) Osbeck Huareanis
wuTnuazanuniegLlseees Aspergillus niger (L.)
van Tiegherm Tagidulel (mycelium) gﬂﬁuéfumx
gAY 2.50 LAz 3.00 pg/ml ANNANAL
a2 Lanciotti et al. (2004) Wua1 @a19Usznay
sandaalugsitlauAlunsduganldagng
Hilse@nBnngs Taw Caccioni et al. (1998)
I 60% TDIUNITUMEN T IMEIENLNTD AL
31 g1silsznetneTtinanninsue sy e
prenaduihlsz@vanmlunsdudesda wWu o
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Aspergillus niger, Aspergillus flavus, Aspergillus
funigatus, Aspergillus terreus Aspergillus
parasiticus Ty uasdmudninsunenszive
%NW@’]ﬂ“ﬁu@’mﬂJ‘ﬂ\‘iWﬂVILLﬁlﬂﬁlNﬂuN'ﬁNﬂﬂ?”ﬂ‘ﬂU
Frnatuuasiler A nmansnsdudamaaingi
MRNTTIMEILL '%u@ﬁﬁ%maﬁﬂﬂ%ﬁ%ﬂé’qa (Lota
et al., 2000)

2. nManageLlsrAnEnwlunseisem
Aspergillus sp. 184 CaEO vunansnriauntean

annnmAaaUlsE AN wn el
nastyLALInYes Aspergillus sp. 989 CaEO
luvaaanaand (in vitro) WULN @19AZAILTRY
CaEO fiszauanududy 5.00 uaz 10.00 pl/ml
@WNW?O@@HQWégugﬂﬂﬁiLﬂ?ﬂgLa‘LIIW]J@\ii’]
Aspergillus sp. A FouAdldiAenansazans
989 CaEO ¥4 2 sxAuAMuTNdY umagay

srAnBamlunisdusas Aspergillus sp. U
nanAnauNTan Taanissdanaunlianiial
CaEO Rranudiudy 5.00 uaz 10.00 pi/mi
daudszneuuasldansazanauna@aninsilawn
dugaaiuan nsdanadnenelsngaieuen
waznnsilaeuulasesaunifagaluszudnanis
nudneduaan 5 94 wuan lusendnenisiiu
Snedudl 1-4 ansuzlangnevenuesunle
anlaifinaanuuadla uiluiuil 5 nugeds
°ummLzﬁﬂuuﬁwumﬂmﬁiﬁﬁmwﬂﬂwm%ﬁﬁﬁﬁﬂﬂ
ﬂfmmw,ﬂummmmmu Tmmmammmummm
Iummwmmﬂmumﬁqmmmumuwumnmu
ANNITAZIIANNNTIALSNEN 1ummzwmmuam
NdounanaasuaaidanInailain ldnunisiascy
2e9qauvsE LU auNTNEA (Figure 4)

Figure 4 Growth of Aspergillus sp. in fresh bread product

Note:  A) Fresh bread with calcium propionate
B) Fresh bread with 5 pl/ml of CaEO
C) Fresh bread with 10 pl/ml of CaEO

azieusuanlalafitesmuuemnsiaesde
PDA WUd125Mdng 1-3 Sureenisiuinmin Tl
WUNNFATEYAANTT WsinaIanLALinEaunilale
nan 4 §u wudn auntleRs Caeo fiannadud

5.00 pl/ml anunuadsreawingu 8.20 Talatise
faeing 1 nsN (CFU/g) TuaauzRauntleni caEO
£ ¥ =
AN 10.00 pl/ml WAZANTAZANYLARLTEN
Twadilaiumlinunisesyaess Geaanadaariu
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AN9ANHNURY Kurita et al. (1981) 318911491491
dsznauli CaEO #1e7) 11U aliphatic aldehydes
a o ' :1 ] dl s d?/ dl 1 o a !
HiuszeRwsnilanuscaullivgasueila
Perillaldehyde T4HfnEAIUIN4INTT tertiary
alcohol ¥ Linalool B ldgiugansiasnyipiuTnans
71197 uazdaunilie1an1aInn1si monoterpenes
aunnigeat i CaEO ansszimeilaataanunann
CaEO vuiuAaresn nasyiuinaaaduly §
1 % c dl 1 1
nansznusanisaivales, nisulanuiiulily
nsuanales, n195uf uaznalnnisdedoyoynn
dd . . o .
mngadasiunisilaaunlaaduniswmuining
Auriug wansliudadnaninlunistudesang
CakO
'1/1mmmmmﬂmmuwfauumwummmmum

LL@”?’WENW‘LHJ‘N Debonne et al. (2018)

Tunssutasnitafluansiudsannassuanily

100

Essental Oil of Citru

S0
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it

70
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50

avenging Activ

40

30

% Radical Sc

20

10

50

Concent

100

nanfefaunilalne@neifalssdnininaas
iﬁﬁummmumm‘imLLM’%‘ﬁfmﬂugﬂmmiﬂmﬂﬁu
wagadulufeuntleln
3. mmsmmuqm%ﬁmwyja%mz
489 CaEO M8 2,2-Diphenyl-1-picrylhydrazyl
radical scavenging capacity assay (DPPH assay)
mﬁLﬂfm:w’qw‘énwﬁ’fmaum%mmm
Cato Tag nneimAn 2,2- Diphenylpicrylnydrazy!
(DPPH) mlumiwmmmam ARELS TN R
AN70ZANAI9ENT8Y CaEO T WU uazAIY
Wuduaesansazatesiangne CaEO HANEINNI0
lunsindnaiya DPPH I&mmn (EC_, > 1,000
ug/ml) 64 Figure 5 LN@LV]?;IUﬂ‘].IﬂU@’W‘@“’@’]?;I
HIM7gIU Ol-tocopherol (Vitamin E) ‘me EC50
Winfiu 43.47 ug/ml #4 (Figure 6)

is aurantium

150 200

ration (pg/mi)

Figure 5 Linear graph of CaEO with % Radical Scavenging Activity value by 2,2-Diphenyl-1-picrylhydrazyl radical

scavenging capacity assay (DPPH assay).

Q-tocophe

B0

100

(Vitamin E)

150 200 250

Concentration {ug/mi}

Figure 6 Linear graph of Ol-tocopherol (Vitamin E) with % Radical Scavenging Activity value by 2,2-Diphenyl-1-
picrylhydrazyl radical scavenging capacity assay (DPPH assay).
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AYNAIN13D lUNNINNARRYYA DPPH
189 CaEO ilfiGenliaznenlalanau I#idu
a3l DPPH-H CaEO @nunsavinly¥ DPPH 7
ugnsdaindasaaiudivdesld Guaenndes

Aun1sAN®IY89 Choi et al. (2000) ENUINND

Tun3inane s DPPH 999 11suandu 34 Tiin
BETTUING 17-64% asananludiuraalden
CaEO tlsznaudasans Limonene ludndaud
1nne1 90% ludaulun uazd B-myrcene
Faansnageiilifiunuindr Ay lunisingn
DUNABATY Lmeiﬁﬁmw@Emmzﬁﬁh@;ﬁu
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